A simple, mild and environment-friendly procedure has been developed for Knoevenagel condensation between aromatic aldehydes or ketones and malonic acid in the presence of tetrabutylammoniumbromide and K 2 CO 3 under microwave irradiation in water. The products are obtained in excellent yields and are in a state of high purity.
Introduction
Many chemical processes employ large amounts of hazardous and toxic solvents. The choice of pursuing aqueous reactions is becoming more important and urgent than ever before, due to its environmental impact and cost of chemical processes. Organic reactions under solvent-free 1,2 and aqueous [3] [4] [5] conditions have increasingly attracted chemists interests, particularly from the view point of green chemistry. 6 Knoevenagel condensation of malonic acid and carbonyl compounds is an important route for substituted α,β-unsaturated acids and the method of choice particularly for cinnamic acids is through Doebner modification. 7, 8 This involves heating of aromatic aldehydes and malonic acid in the presence of excess of basic solvents like pyridine and piperidine to facilitate easy decarboxylation of initially generated α,β-unsaturated malonic acids which afford cinnamic acids. There has been a number of reports 9 on the condensation of carbonyl substrates with a variety of active methylene compounds using inorganic catalysts, traditional bases both under conventional as well as microwave heating conditions. Very few Knoevenagel condensations using water as solvent have been reported. 10, 11 However, no reaction utilizing water as solvent has been reported for the synthesis of cinnamic acids. In recent years, MW activation coupled with phase transfer catalysis 12 using water has emerged as a highly efficient and environment-friendly methodology as on cooling, products are separated out and are generally in a state of high purity. Further, work-up procedure is simply reduced to filtration followed by washing with water. 
Results and Discussion
In this paper, we wish to report an environment-friendly procedure for Knoevenagel condensation between aldehydes or ketones and malonic acid in the presence of tetra butyl ammonium bromide and K 2 CO 3 under microwave irradiation using water as an energy transfer medium.
Valizadeh et al. has reported 11 the reaction between aldehydes and malonic acid using NH 4 Cl and water under MW irradiation but the products obtained are α,β-unsaturated malonic acids i.e.
reaction stops before decarboxylation. Our developed method involves the irradiation of a mixture of aromatic aldehyde or ketone with malonic acid using TBAB, K 2 CO 3 and water. As soon as irradiation is stopped and after few minutes of cooling followed by acidification with dil. HCl, cinnamic acids are separated out which are of high purity. For instance, in case of product 3a, Table 1 , when a mixture of benzaldehyde (5 mmol), malonic acid (5 mmol), TBAB (2.5 mmol), K 2 CO 3 (2.5 mmol) and distilled water (10 mL) was heated under microwaves for 5 minutes at 900 W, cinnamic acid was isolated as a pure product (TLC) in 85% yield. So within 5 minutes, Knoevenagel condensation as well as decarboxylation of corresponding α,β-unsaturated malonic acid took place and the compound isolated was cinnamic acid. The method is equally efficient in case of acetophenone (3i, Table 1 , time 6 min, yield 86%). The method is then extended for other aromatic aldehydes as well as acetophenones substituted with electrondonating and electron-withdrawing groups. The results are given in Table 1 . 
Experimental Section
General Procedures. Melting points were determined on a Perfit melting point apparatus and are uncorrected. The reactions were monitored by TLC. For the microwave irradiation experiments described below, a conventional (unmodified) household microwave oven equipped with a turntable was used (LG Smart Chef MS-255R operating at 2450 MHz having maximum output of 900 W).
General procedure for the synthesis of cinnamic acids by Knoevenagel condensation between carbonyl compounds and malonic acid
To a mixture of aromatic aldehyde or ketone (5 mmol), malonic acid (5 mmol in case of aldehyde and 10 mmol for ketone), TBAB (2.5 mmol) and K 2 CO 3 (2.5 mmol) in a borosil beaker (50 mL), distilled water (10 mL) was added. The reaction mixture was mixed properly with the help of a glass rod (5 s) and irradiated in a microwave oven at 900 W for an appropriate time (monitored by TLC, Table 1 ). On cooling and acidification with dil. HCl, the product was isolated by filtration followed by washing with water. It was pure enough and further purified by crystallization from EtOAc: pet. ether or EtOH for carrying out spectral analysis. 
Conclusions
In conclusion, we have developed a rapid, economic and environment-friendly method for the synthesis of cinnamic acids by Knoevenagel condensation between aldehydes or ketones and malonic acid in the presence of TBAB, K 2 CO 3 and distilled water. The main advantage of our method is that it is general and also no organic solvent or reagent was used throughout the reaction.
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